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Lung compliance may be defined as the volume change per unit pressure
change.8 It is an expression of the elastic-like properties of the lung if it
is measured at points on a pressure-volume curve at which air is not mov-
ing into or out of the lung. These points of no air-flow occur near the
end of inspiration and again near the end of expiration. Compliance does
not include air resistive changes which are the results of friction between
the airstream and bronchial wall, turbulance, and other aerodynamic fac-
tors. However, studies of lung compliance should yield information about
changes in pulmonary mechanics which, although separate from airway
resistance, may be influenced by it. The present study represents an
attempt deliberately to alter airway resistance by using a known broncho-
constrictor (histamine) in normal subjects and in patients with chronic
lung diseases. The influence of this bronchoconstriction on compliance was
observed and compared to the effect of hyperventilation.
MATERIAL AND METHODS
Seventeen normal individuals, 9 men and 8 women, ranging in age from 19 to 48
years, and 17 patients, 12 men and 5 women varying in age from 25 to 74 years with
various lung diseases, were studied (Tables 1 and 2). Estimations of lung compliance
and airway resistance were carried out in the sitting position at rest and during
hyperventilation. All subjects were then given 0.5 to 0.7 mgm. of histamine phosphate
subcutaneously, and estimations of compliance and resistance again carried out at rest
and during hyperventilation after 4, 8, and 12 minutes. The observations made 8 minutes
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after histamine have been used because the change from the base-line values were most
pronounced at that time. Two of the patients became severely dyspneic after histamine
and, in one case (W.G.), the study was ended after 4 minutes. These patients improved
promptly after receiving 0.3 mgm. of epinephrine hydrochloride subcutaneously.
Intra-esophageal pressure was measured by the balloon technique,' the balloon being
introduced through the mouth after anesthetizing the pharynx with benadryl, 0.25 per
cent. The polyethylene catheter to which the balloon was attached was connected to one
side of a Sanborn differential pressure transducer, and a polyethylene tube leading from
the mouth-piece was connected to the other side of the transducer, thus differential
mouth-intraesophageal pressure could be recorded on a direct-writing oscillograph.
The subject breathed through a pneumotachograph; tidal volume and flow rate were
recorded on the Sanborn apparatus through a Lilly manometer and integrator.
In this way three curves were recorded simultaneously: differential mouth-esophageal
pressure, tidal volume, and respiratory flow rate. The effective compliance was calcu-
lated, measuring tidal volume and esophageal pressure at corresponding points of no
airflow, as seen from the flow rate curve. In this paper the term "compliance" will
refer to the volume to pressure change relationship at points of no air flow. It is
expressed by the formula:
Compliance = Volume change in liters
Pressure change in cm. H20
The same three curves were used to calculate airway resistance.' Points on the
ascending and descending limbs of the tidal volume curve were chosen which repre-
sented points of equal inflation and deflation. Vertical lines from these points
transected the pressure and velocity curves, and the difference of pressures and
velocities between the two points provided the data for the formula:
Airway Resistance = Pressure difference in cm. H20
Velocity difference in L./sec.
RESULTS
The lung compliance in the normal individuals varied from 0.109 to
0.328 L/cm. H20 (Table 1). The lowest value was found in a small woman
and the highest value in a large woman. This was expected, since previous
studies have shown a relationship between lung compliance and body size
in normal subjects.2'7 The diagnosis in each of the patients was based on a
careful review of the history, physical findings, and chest x-ray coupled
with compatible pulmonary function tests (lung volumes, maximal breath-
ing capacity, intrapulmonary gas distribution, and oximetry).
Clinically the patients fell into two groups: one with a diagnosis of pul-
monary emphysema; the other with a diagnosis of pulmonary fibrosis or
granulomatosis. The average resting compliance was lower, and air flow
resistance higher than normal in both groups of patients.
When resistance was low, compliance varied greatly, but as resistance
increased, compliance tended to be low (Fig. 1). The high resistances were
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mainly but not entirely found in the patient group. Histamine generally
produced an increase in resistance, but in 6 of 17 normal subjects and 6
of 17 patients this did not occur (Tables 1 and 2). After histamine the
resistance increased in all but one of the 11 patients with emphysema and
in only one of the 6 patients with fibrosis. Histamine, hyperventilation,
and both together tended to decrease compliance as resistance increased
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FIG. 1. Relationship between resistance and compliance. Patients and normal subjects.
(Fig. 2). The effect of histamine on compliance was quite variable in pa-
tients and normal subjects, but the usual effect was to increase resistance
and concomitantly reduce compliance (Fig. 2). Hyperventilation generally
increased resistance and decreased compliance both before and after hista-
mine.
Figure 3 shows the effect of hyperventilation at different levels of lung
inflation in a normal subject. The greatest fall in compliance with hyper-
ventilation in this individual occurred when the end expiratory level was
established at maximal expiration, the least fall when the expiratory level
was about 30 per cent above the normal resting mid-position. Airflow re-
sistance was high at either extreme of mid-position when the respiratory
(and flow) rate was high. At moderate rates airway resistance changed
very little.
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DISCUSSION
These studies have shown that factors which tend to increase resistance
above the range of normal values are associated with a decrease in com-
pliance. Why compliance changes in this way is not clear, and, at, present,
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FIG. 2. Relationship between changes in resistance and concomitant changes in
compliance. Patients and normal subjects, effects of histamine, and hyperventilation.
only subject to speculation. In our analytical methods we have treated a
nonuniform mechanical system as though it were uniform. Clearly we can-
not expect such methods to do more than suggest the underlying character-
istics.
The sizable proportion of both patients and normal subjects who showed
no decrease in resistance after histamine suggests individual dose varia-
tion. The dose was small, and it was anticipated that some of the patients
would not react. Others reacted violently, hence it was not prudent to use
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a larger dose. The singular tendency of the patients to arrange themselves
into an emphysema group in which resistance increased and a fibrosis group
in which it did not suggests that the patients with emphysema in this study
may have had more sensitive bronchial musculature.
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FIG. 3. Effects of hyperventilation on resistance and compliance at varying mid-
positions. (FRC was determined by standard technique during quiet breathing through
a pneumotachograph with an integrator for tidal volume. As the subject raised or
lowered his mid-position, corresponding amounts were added to or subtracted from the
initial FRC).
The attempt to produce an increase in resistance by the use of histamine
was successful in only some of the normal subjects and patients, and gen-
erally not as effective as hyperventilation. Hyperventilation probably in-
creases airway resistance by virtue of forming eddy flow or turbulent flow.
The high intrapleural pressure initiating expiration during hyperventilation
would tend to collapse the smaller bronchi whose lumens, very transiently,
have a lower pressure. Finally, high velocity breathing might alter the
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surface tension or thickness of the layer of mucous secretion on the surface
of the bronchial epithelium.
Hyperventilation usually results in a greater degree of lung expansion
and may raise the resting level of the lung. Figure 3 shows that compli-
ance tends to fall off at a very high resting position. However, the drop
in compliance may reflect the rapidity of the chest bellows action rather
than the mid-position, since the respiratory rate is higher during hyper-
ventilation. Thus, the sticking together and pulling apart of alveolar walls
could become more of a factor at high rates of breathing.
The decrease in compliance seen in the normal individuals during hyper-
ventilation is at variance with the findings of Cherniack' and Otis, et al.8
These workers found no change in compliance in normal individuals dur-
ing hyperventilation, a finding which they interpreted as evidence of a
normal distribution of ventilation. An explanation of the difference might
be that our normal individuals performed their hyperventilation in an over-
inflated state in which the lung elasticity had moved outside the straight
part of the pressure volume curve.9 However, in a study of normal sub-
jects this was not supported (Fig. 3), since in some cases the compliance
was actually lower when hyperventilation was carried out from the rest-
ing (mid-position) than when it was done in the inspired position. The
part played by air inertia at high respiratory rates is uncertain, but could
contribute to excessive pressure swings leading to low static compliance.
Although increased resistance due to histamine, when it occurred, had
a depressing effect on compliance similar to that of hyperventilation, there
is no reason to believe that the mechanism is the same.
The decreased compliance following histamine in those subjects and
patients who had an increased airflow resistance may have represented a
histamine effect on the pulmonary vasculature, but more likely it was re-
lated to the broncho-constricting effect of histamine. The drop in com-
pliance was most notable in the patients with emphysema. This has been
noted by others.! A possible explanation is that in the case of the emphy-
sematous lung, because of variable distribution of ventilation, one is deal-
ing with a lung having a family of compliance curves rather than a single
curve. Under such circumstances one may not be measuring compliance
at a point of "no flow," since continuous movement of air in some parts
of the lung may still be present after air flow at the mouth has ceased.
Such patterns of uneven segmental ventilation could give apparent changes
in static compliance. One factor in ventilation known to be affected by
histamine is the collateral respiration which is diminished by histamine
in dogs.' Very little is known about the effect of collateral respiration on
lung compliance.
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Whatever may be the reason that histamine reduces compliance in normal
subjects and patients with emphysema does not apply to patients with pul-
monary fibrosis. There was no consistent drop in compliance after hista-
mine in the latter group (Table 2). These patients had a low compliance
to begin with. In fact, histamine had no demonstrable effect on their ven-
tilatory mechanics, and one might infer that they tolerate histamine un-
usually well. They did experience tachycardia, skin flush, and headache.
The drop in compliance and its resulting dyspnea after histamine in
patients with emphysema resembles the difficulty experienced by these
individuals after even a mild exacerbation of chronic bronchitis or an upper
respiratory tract infection.
SUMMARY
1. Lung compliance and airway resistance were measured in 17 normal
subjects and 17 patients with various types of chronic lung disease both
at rest and during hyperventilation before and after the injection of hista-
mine.
2. Compliance was in the low normal range for the patients with
emphysema, but definitely low for patients with pulmonary fibrosis. Hista-
mine and hyperventilation further lowered the compliance in the patients
with emphysema, but had a less pronounced effect on the patients with
fibrosis and in normal subjects.
3. When airway resistance was low, compliance varied greatly, but
when resistance was high, compliance tended to be low.
4. Airway resistance was initially high in most of the patients. It in-
creased following histamine injection and hyperventilation in most of the
normal subjects and patients. Hyperventilation had a more pronounced
effect than histamine.
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